In this work we investigate the solvent media effects on the nonlinear optical properties of a chalcone derivative, (2E)-3-(3-methylphenyl)-1-(4-nitrophenyl) prop-2-en-1-one (3MPNP), using the polarizable continuum model (PCM) at the DFT/B3LYP/6-311+G(d) level. The behavior of hyper-Rayleigh scattering first hyperpolarizability and average second hyperpolarizability is studied as a function of the dielectric constant of a solvent medium in both dynamic and static cases.
Abstract-In this work we investigate the solvent media effects on the nonlinear optical properties of a chalcone derivative, (2E)-3-(3-methylphenyl)-1-(4-nitrophenyl) prop-2-en-1-one (3MPNP), using the polarizable continuum model (PCM) at the DFT/B3LYP/6-311+G(d) level. The behavior of hyper-Rayleigh scattering first hyperpolarizability and average second hyperpolarizability is studied as a function of the dielectric constant of a solvent medium in both dynamic and static cases.
The interest in molecules and crystals that exhibit efficient nonlinear optical properties (NLO) has grown substantially in the last two decades [1] [2] [3] [4] [5] [6] [7] [8] [9] , which is mainly due to their potential applications in optoelectronic and optical devices such as light emitting diodes, photo detectors, solar cells, laser generators, biosensors, optical computing, optical communications and optical storage [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The development of new materials, whose parameters allow their use in the field of photonics for nonlinear second-order optical applications, requires the knowledge of the nonlinear polarization properties of the constituent molecules [13] . One of the well-established techniques to determine the first hyperpolarizability of organic molecules in a solution is hyper-Rayleigh scattering (HRS). In this technique [14] [15] incident light in a fundamental frequency is scattered at the second harmonic frequency that is used to define the symmetry of molecules randomly distributed in a liquid [16] . Hyper-Rayleigh Scattering has also been used to describe nanoparticles [16] . Chalcone derivatives are versatile and interesting substrates for the global chemical enterprise, due to their innumerable applications ranging from biomedical science to materials science. Organic molecules, as chalcone derivatives, are a good alternative to inorganic solids, since they exhibit faster optical responses, lower * E-mail: valverde@ueg.br preparation costs, and greater flexibility in altering the structure in order to optimize the required properties. In this work the nonlinear optical properties of the chalcone derivative, (2E)-3-(3-methylphenyl)-1-(4nitrophenyl)prop-2-en-1-one (3MPNP) in various solvents are investigated. The 3MPNP with the molecular formula, 16 13 3 (see Fig. 1 ) has been synthesized and crystallized by a slow solvent evaporation technique and crystallized in the monoclinic centrosymmetric space group 2 1 / [17]. The geometry optimization of the 3MPNP molecule was performed in gas-phase and in various solvent media using the polarizable continuum model (PCM), where the solvent is modeled as a polarizable and continuum medium, and the cavity of an appropriate shape hosts the solute. The electrostatic interaction solute-solvent is considered through an effective term in the Hamiltonian that is dependent on the macroscopic dielectric constant (ε). In this work the solvent effects on the dynamic and static electrical parameters of the 3MPNP molecule, as the first and second hyperpolarizability, were considered via the density functional theory (DFT) at PCM/DFT/B3LYP/6-311+G(d) level. Hyper-Rayleigh scattering (HRS) is the main technique to determine the first hyperpolarizability ( ), which is directly related to the second order nonlinear response of an optical material in the molecular level [15] . The HRS technique is based on the second harmonic generation (SHG) by molecules dissolved in a solvent medium, with random orientation. The advantage of the HRS technique is that an external electric field is not necessary, making it possible to measure the hyperpolarizabilities of molecules of any structure [18] [19] .
Study of the hyper-Rayleigh scattering first hyperpolarizability of a chalcone derivative in various solvent media
The HRS first hyperpolarizability ( ) of the 3MPNP molecule in a solvent medium can be calculated through the following expression:
where the propagation direction and polarization of a fundamental light beam is assumed in directions X and Z respectively. 〈 2 〉 and 〈 2 〉 are the macroscopic means calculated from:
where the coefficients Ci and Di are given in Table 1 . The coefficients are calculated from the components of the first hyperpolarizability ( ), see reference [14] , and are defined by: The average second hyperpolarizability is defined by:
Using the Kleinmann symmetry in the static case the equation (2) can simplified to:
All computational procedures include the nonlinear response are performed in 09 [20] . To increase the knowledge about the 3MPNP compound the effect of a solvent medium on the static and dynamic electric properties of a 3MPNP isolated molecule was considered. It is well known that when immersed in a solvent medium the electrical parameters of organic compounds present important changes, therefore we have considered twelve solvent media and gas-phase, see Table  2 , where is the static dielectric constant of the medium.
In Table 2 , the B3LYP/6-311+G(d) static results for the first hyperpolarizability ( in 10 −30 esu) and average second hyperpolarizability (in 10 −36 esu) for a 3MPNP isolated molecule in several medium solvents are presented. Also, the results for the gas-phase are shown by comparison. As can be noted from Table 2 , the values of all electrical parameters increase with an increase in the static dielectric constant of the solvent medium. From the toluene (ε=2.38) to n-methylformamide-mixture (ε=182.4) the values of the electric parameters (0; 0,0) and 〈γ(0; 0,0,0)〉 show a percentage increasing of 71% and 95% respectively. However the increasing of these parameters with the increasing of the dielectric constant value is not linear, as can be seem for > 30 the effect of the solvent medium exchange cause small changes in the values of the parameters (0; 0,0) and 〈γ(0; 0,0,0)〉.
In Table 3 we present our results for (−2 ; , ), (− ; , 0,0) and (−2 ; , , 0) for the electric field frequency, = 0.085 . . ( = 532.3nm), these electric parameters are related with the second harmonic generation (SHG); dc-Kerr effect and dc-SHG respectively. As can be seen, the variation of the absolute values of the electric parameters does not show a welldefined increase along with an increase in the static dielectric constant of the solvent medium as observed previously in Table 2 . Naturally, this fact occurs because the electric dielectric constant is also a function of frequency, = ( ). Figure 2 shows the DFT/B3LYP/6-311+G(d) results for the in both dynamic and static cases as a function of the dielectric constant. As can be seen in the static case, the values increasing monotonically with an increase in the value of the dielectric constant and for > 30 the values saturate. However, the dynamic values present increased oscillations with an increase in values. Also in Fig. 2 , the ratio between the macroscopic averages 〈 2 〉 and 〈 2 〉 is presented and can be seenas the static dielectric constant value increases, the ratio 〈 2 〉/〈 2 〉 decreases from 0.61 to 0.50 and from 0.205 to 0.195, in the dynamic and static cases respectively. In conclusion, we have reported a quantum chemical calculation at the PCM/DFT/B3LYP/6-311+G(d) level of the solvent media having an effect on the first and second hyperpolarizabilities of the chalcone derivative (2E)-3-(3methylphenyl)-1-(4-nitrophenyl)prop-2-en-1-one (3MPNP). The hyper-Rayleigh scattering first hyperpolarizability and the average second hyperpolarizability were calculated in the static and dynamic cases, and their behavior as a function of the value of the dielectric constant for various solvents was studied. We have verified that in static conditions the values of all electrical parameters increase with an increase in the static dielectric constant of the solvent medium. However, for the dynamic case an increase in the electric parameters as a function of the dielectric constant presents oscillations. In DMSO, which is a common solvent medium used in the HRS experiment, the varies from 44 × 10 −30 (static case) to 86 × 10 −30 (dynamic case); these values are great as compared with the values for other organic compounds [21] .
